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® Perscmal healtti monilDr. 



0 A personal health monitor (60) includes sensors for measuring patient weight, temperature, t>lood pressure, 
and EGG waveform. The monttcu' is coupled to a central unit (20) via nuxtoms (22, 62) stfid includes a computer 
which is programmed to prompt a patient to lake prescribed nredication at prescrHbed times, to use the sensors 
to measure prescrit)ed health paran^eters, and to supply answers to selected qt^stions. Medication compliance 
infbnmation, test results, and patient answers me compiled in a composite log which Is aitomatical)y transm i tted 
to tlie central unit Hie computer is also programmed ajtomatic^ to disconnect the monitor from an alternating 
cunrent power source and to rely on internal battery power during certain periods of patient-monitor interaction, 
such as during use of the EGG module. In this way, danger to the patient and complexity of the EGG module are 
minimised. The computer is also programnted to compare measured test infonmabon with predetermined 
expected v^ues. and in the event of a discrepancy, to collect additional information from the patient to assfst 
trained personnel at the central unit in interpreting the composite log. The computer is also programmed to alert 
the central unit promptly in the event one or more measured parameters falls outside of a prescribed normal 
range. The normal range for a given parameter is made to vary in accordance with the measured value of one or 
more other parameters in order to reduce the incidence of false alarms. 
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PERSONAL HEALTH MONITOR 



BAOCGROUND OF THE rNVENTION 

This invention relates to improvenients to a personal heaWi monitor of the type ttiat automatically 
s collects informatlOTi indicative of tbe physical condition of a patient in a ksg and then transmits the log to a 
central station for analysis by trained medical personnel. 

In the past a wide variety of monitors have bem proposed for recording information indicative of the 
physical condition of a patient For eKample. Sgnoff U^. Patmrt No. 4^^, Kaz U.S. Patent No. 
4,173^^ Otnpn US. Patent No. 4,417^08, atd LIsiecki U.S. Patent No. 4^19^ an disclose devices 
m which ^ore information indlcattve of heart fanction for iater anatysfe. The Lisiecki device aliows the user to 
record evont marker signals to designate particufar events on the stored record. Steffen U.S. Patent No. 
4;Z7(V547 (fisdoses a systm which montbvs rmittiple paameters, including kmathing rate and txxly 
temperature, as wefl as pulse rate and t)food pressure. 

Dunrting U.S. Patent No. 4.296,75a discloses a remote pu^onary function tester which receives patient 
rs identification data, directs a test sequm:e, and tfien stcnres the test results for later transmission to a centra 
computer. The patient identification data ere entered in response to questions presented by ttie tastar on a 
display. 

Schneider U.S. Patent No. 4.465,077 (Ssdoses a ferti&ty computer which predicts fertility status leased 
on temperature measurements and user supplied responses to questions related to relevant phy^ological 
20 cortdltions. 

The fbregdng patents have been referenced only liy way of general background, because none of them 
relates to the bnprovements of this invention* As descrSied in detail below, these improvements enhance 
the diagnostk: value of the transmftted fog. minimize foise alsms to the central station, mfoimtze 
unnecessary tests on the patient and rnintnntze the conriple)dty ^ expense 

2S 

SUMMARY OF THE INVENTION 

According to a first feature of tWs invention, a personal health monitor is provkled which comprises 
30 means for cfetenminrng a pforaTity of he^ par am ^ers, each incficative of the physfoal concfitton of the 
patient Means ate also provided for promptfog tto patient with setected messages and for stormg a 
prescribed parameter schedufe for selected ones of the health parameters and a prescribed meCBcalfon - 
schedule for at least one medfoatlon. First means automatically control the prompting means to request the 
patient to use the determining means to determine the selected ones of the health param^ers m 
35 accordance with the prescribed parameter schedule. This first means stores the determined health 
parameters in a composite tog. Second means automatfoaliy control the prompting means to request the 
patient to take medlcatfon in accordance with the prescribed medteatton schodute, and ajtomatfoally record 
informattoo In the composite tog incficative of patient compBance with the prescribed medicatton schedule. 
The composite tog is then automatically transmitted to a central tocalion for analysis by trained mecfical 
40 personnel. 

This aspect of the invention provkles the advantage that a single monitoring system (1) prompts the 
patient to take medication in accord»ice with the prescribed schedute. records patient compliance with 
the prescribed medicatton schedule, aid (3) records patient health paianeters in accordaice with the 
prescribed parameter schedule. Information that will altow trained personnel to determine both patient 

45 compliance with the medication schedule and the physical condition of the patient is transmitted in the 
composite log to the central tocation. By providing both information regarding physical condition of the 
patient and patient compliance with the medication schedufe. this monitor materially assists medical 
personnel In assessing the health the patient As used herein, the term "health parameters" is Intended 
in Hs broad sense to encompass both measurements of vital signs such as pulse, btood pressure, EGG and 

50 the like, as well as determination of patient symptoms by patient responses to questions. 

According to a second feature of this invention, a personal heafth monitor adapted to be powered by an 
alternating current power source comprises means for collecting information inc6cative of the physical 
condition of the patient means for recording the collected information, and means for supplying a sippiy 
voltage to power tti collecting nieans and tfie recording means. This supply means comprises a 
rechargeabi battery connected to the collecting means and tiie recording means, and a battery charger 
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aOafited for ccrnnectkm to the alternating cunrent power source aid comprising means for supplying a 
ch^ging conrmit to the battery. The switch is positioned to interrupt the flow of charging current from the 
ks^tsy charge to the b^tery and is swrtchable t)^ween a first state, in whteh the switch isolates the battery 
from the charging current, and a second state, in which th switch allows the charging current to flow to the 

s b^tery. Means are provided for controlling th switch such that the switch is autonriatically placed in the fi^ 
^ate during selected periods of Interaction between the patient and the collecting means, and the switch Is 
automatic^ly placed in the second state during selected periods characterized by an absence of interacticm 
between the patient and the collecting means. Preferably, the switch comi»rlses a latching relay which is 
interposed between the battery charger and the aKemating cunrent power source. 

ia As explained in greater detEdl below, this feature of the Invention provides important advantages In that 
the battery is not charged dimng at least selected porlods of Interaction between the patient and the 
monitor. Vivious sensors such as electrocardo^m (EGG) sensors are simplified in that AC tip^ 
associate d wrtfr the atfeamating current power source is no longer a potenttd problem. The cost and 
complexity of certain sensors such as ECG sensors aid related circuitry can ther^bre be reduced 

fs Fttrthermorev because the batt^ is isolated from the AC power source during periods of patfent interaction, 
the AC power source poses no danger to the patient The need for isol^ power suppfies and the like to 
protect the patient from ttie AC power source Is therolore tninimized. 

Accorcfing to athird feature of this invention, a personal health monitor is provided which comprises first 
means for mitomatlcally collecting a first set of data incficative of the physical condition of a patient, and 

20 second means for automaticaily com(>aring the first set of data with a set of test criteria and for indicating 
when the first set of data fails to meet the test criteria. Third means are provided for automaticaUy collecting 
a second set of additional data from the patient when the first set of data l^ls to meet the test criteria. The 
second set of additionai data is selected to provide additional diagnostic information useful in interpreting 
the first set of data Means are provided for automatically transmitting the first and second sets of data to a 

25 oOTtral location for oialysls by trained mecScal personn^ As used herein, the term *set of data" is used in 
its broad sense to encompass one or more measurements or patient responses. 

This aspect of ttie Invention provides a personal he^ monitor which minlmlzBS Inconvenience to the 
patent while provicfing attencfing medicd personnel wHh more complete cfiagnostic infonmalion. As ex- 
plained bt greater detail below, this aspect of ttie invention allows tests or questions which are not routtnely 

30 required to be efimlnated from ttie first set of data, ttiereby minimizing the inconvenience to the patfent 
Neverttieless, when the first set of data indicates a potential problem, ttie monitor automaticedty collects ttie 
second set of d^ in anief to provide the medical personnel at the central location witti more complete 
diagnosttc information. In ttils way, the medical personnel at the central location are better able to cfiagnose 
ttie physical concfitton of ttie paAient Of course, ttie first set of data can include data collected over m 

35 extended time period and indicative of a trend or data collected in a sir^le measurement or question and 
answer session. 

Accorcfing to a fourtti feature of ttiis invention, a personal heatth monHor is provided which comprises 
means for automaticaUy monitoring a plurality of patient parsoneters indicative of the physical condition of 
ttie patient This plurality of parameters includes at least first and second parameters. In addition, means 

40 are provided for storing information indicative of a selected range of normal values of the first parameter. 
This selected range of normal values varies in accordance with the second parameter, such that the 
selected range of normal values when the second parameter has a first value is different frcmi the seiected 
range of nonmal values when the second parameter has a second value. The monitor automatically alerts a 
central station only when ttie first parameter is outside ttie selected range of normal values. As used herein, 

45 "nornial" is intended broadly to encompass ttie range of values designated by ttie physician as normal for a 
particular patient 

This fourtti aspect of ttie invention provides important advantages in that it reduces the number of false 
alarms at the central station. As described in dotal below, the range of nonmal values of any one parameter, 
such as patient temperature or blood pressure, will often vary in accordance with one or more ottier 
50 parameters. By adjusting the selected range of nonmal values as appropriate for ihe currentty prevailing 
conditions as indicated by tiie second parameter, ttie heatth monitor Is better able to distinguish between 
situations in which ttie central station should be alerted of a potential problem, and situations which can be 
reported in ttie conventional manner. By reducing false alarms, ttiis aspect of the invention reduces ttie 
wortt load at ttie central station and thereby improves the effidency of operation of ttie system as a whole. 

55 
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The various features of this invention can be grouped together as desired. For exmple, the prefenred 
enitsxfirnent descnl)ed below combines all four features together in a single personal heafth monitor. 
Hemews-. each of these features can be eraployed independently of the others, if ctesired. The invention 
itself, togptiher mth further objects and attendant advantages, will best be undwstood by reference to the 
£ fbfkM^ detailed descrtpti n, taksn in conjunction with the accompanying drawings. 



BRIg DESCRIPTION OF THE DRAWINGS 

fo RG. 1 is a block diagram of a personal healtti monitoring system which incorporates a presently 

praforiBct emtxxfimer!t of the monitor of this invention. 

FKx. 2 is a block dagram of the morutor of FIG. 1 . 

FIGL 23 is a block (Sagram of the power supply of RG. 2. 

RG.a>isabk)ckdiagramof the signal interface unit of RG. 2. 
m R& a is a bkx:k diagram of the central unit of Fiai. 

RG. 4 is a flowchart of the Power4^ Routme of the rnonitor of RG. 1 . 

RG. 5 Is aftowchcfft of the IntlaBzatkm Routine of RG. 4. 

RG. 6 is aftowchart of the Restoratkm Routine of RG. 4. 

RG. 7 is a fkiwchart of the Test and Calibration Routine of RG. 4. 
20: RG. 8 is a bkxdc diagram showing the general organizatkin of the Normal Operation Routine of the 

monitor of RG;. t. 

R& 9 s a ftowchsfft of the Check Event Table for Wbrk Routine of RG. a 
R& 1 0 is a fkiwchart of the ^ngle Parameter Check Routine of Ra 9. 

RG. t1 is a specffk: example of one suitable Single Paametar Check Routine for patient tempera- 

2£ turo. 

FIG. t2 Is a flowchart of the nAuttiple Paramo Check Routine of RG. a 
RG. t3 is a fkiwchart of the MecBcatfon Roninder Routine of Fia a 
FIG. t4 IS a ftomthatt of the Communicate With Central Unit Routine of RG. a 
RG. 15 is a fkiwchart of the Battery Control and Check Routine of RG. a 
30 RG. 16 is a fk>wchart of the Bcception Hancfler referenced in routines such as those of RGS. 4, 5, 6, 

11r 11a,. 13, and 1^ for example. 



DETAILH) DESCRIPTION OF THE PRESB4TLY PRe=BTOB) BIBODIMENTS 

3S 

The folkiwing detailed description will take up first the hardware and then the software of the presently 
prefenred embodiment of the personal health monitor of this inventton. In general terms, this monitor is 
designed (1) to prompt the patient to perfbmn tests emd to respond to que^tons as prescribed by a 
physfcian having responsibility for the care of the patient; (2) to prompt the patient to take medcatkxi as 

40 prescnlied and to fog compHance by the patient; aid (3) to communicate the results of the tests, the 
patient's answers to the questfons, and mecficatfon compfiance information to a central unit staffed with 
trained medrcal personnel. The system is made up of two subunfts, a home unit ad^pled for use by a 
patierrt in an unsupervised manner in a home setting. arKl a central unit 

From the point of view of the patient, the personal health monitoring system described betow provWes 

45 important advantages in terms of ^plified data entry (for both test results and (^lestfon responses), 
automated communfcatton with the central unit and fast feedback from medfcal personnel. From the point 
of view of the physidai, this system provkles important advantages in terms of better tracking of the vital 
signs of the patient better information regarding patient compliance with medicatfon schedules, and a 
complete log of time-stamped vital signs which will help to detect abnormal trends and to prevent 

50 catastrophk^al readmission. For example, a hospital can use the personal health monitoring system 
described below for foltow-up care of those patients who do not need intensive, hospital-based care, yet 
require some form of personal health monitoring. 

In general terms, the home unit operates to log data Indfcative of various health parameters of the 
patient on a schedul prescribed by the attending physician. These health parameters include various vital 

55 signs such as ECG, body temperature, body weight btood pressure, heart rate. Wood glucose level, and 
pulmonary functions, along with patient responses to selected questions. The home unit will also tog patient 
volunteered information and the results of patient volunteered tests. The home unit also functions to remind 
the patient when medication is to be taken and to tog patient compliance, including information relating to 
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the time, dosage and type of mecficatioa The home unit is easy for a patient to use and automaticalty 
communicates logged inftmnation with tte central unit based on pre-programmed reporting times pius 
spedai reports made In response to tig^ng events. Preferably: communication is via a modem end 
appropriate programs are provided to provide retry on orm during tratsmission and rediai on enror such 
5 that no patient trdervention is required* 

Prsferabiy, the various sensors incSuded in the home unit such as the temperature probe, the ECG 
electrode probe, the wetgirt scale, the btood pressure device, the ECG signal processing circuitry are 
designed as modules to minimize (4)Soiescence and to allow new or improved components to be added 
simply. 

70 The hcrnie and central units are construded from conventional components chosen such that no special 
room modifications such as air conditioning, special power supplies, or the like are required. The central 
unit generates reports of togged patient parameters for analysis and response by trained medical personnel. 
Preferatj^y, sofbwe for the central unit is written such that the system can rsacfily be used by a non* 
computer ^leci^st 

75 

8YSTEM HARDWARE 

As shovm in RG. 1. the personal health monitoring system 10 of this prefenred embodiment comprises 

20 a central unit 20 and a pturality of home or remote units 60. The central ur^ 20 is finked with each of the 
honte vxits 60 by respective modems 22, 62. Typk:ally. the central unit 20 is situated at a health cse 
laciHty, such as a hospital or at a central health infbrmatk)n monitortng factEty and each of the home units 
60 is situated in the room or home of a raspective patient. 

R6. 2 shows a bkxdc (iagram of one of the home urto 60. As shown ^n Ra 2, each home unit 60 

25 includes a m^ CPU 64 whkrh is powered by a power supply 68. The msdn CPU 64 communk»tes with the 
patient via a cSsplay urdt 68. a tone genereoor 70. a vok» synthesizer 72, and a key pad 74. Preferably, a 
detachable sid portable keyt)oard 76 is provided which cen be used t>y a health cars professional for more 
detailed interrogation or programming of the home unit 60. Of course, olfior I/O devices can t)e included as 
well, such as touch screens, mk^ophones. and the Nke. The main CPU 64 Is connected via a hardware bus 

30 78 wHh the n>odem ^ and a mass ^ora^ device 80 for storing dgttd information. The hardware bus 78 
also biterconnects the main CPU 64 with a signal interface unit 82 that is in timi cormectad to a scale 
module 84. a temper^ive module 86. and an eteclroc ardi ogram (ECG) nKxlule 8& The ECG module 88 is 
in turn connected to an ECG electrode unit adapted for appOcaUon to the chest of the patient A trfood 
pressure module 92 is connected to the mam CPU 64 via the bus 78, atong with other optional modules 94, 

35 such as modules for measuring pulnwnay functkjns or bkxxl glucose level, for example. A relay 91 
controSed by the CPU 64 is interposed b^ween the signd interface iHilt 82 and the ECG nKXluie 88 to 
aOow the CPU 64 to ensure that the ECG electrode unit 90 is isolated from any power source. 

As shown in RG. 2b, the interface unit 82 includes an eight differentia Rne anatog multiplexer 96 whk:h 
includes inputs connected to receive anatog signals from the scale module 84, the temperature module 88, 

40 the ECG module 88 and a battery included In the power supply 66. Other inputs to the multiplexer 96 can 
be used for other sensor inputs, such as adcfitk>nal ECG s^rrials and ambient temperature, for example. The 
eight differential line anak}g multiplexer 98 is controlled by the main CPU 64 to select one of the ^ght Input 
signals, wftteh is passed to a programm^>le gain instrumentatkxi amplifier 9a After suitable amplificatkm. 
the selected analog signal is appTied as an input to a sample and hokl circuit 100 whteh samples the anak)g 

45 value of the selected ampfified signal and holds this sampled value for conversion by an anak)g to digitai 
converter 102. The resulting digital signal is then read by the main CPU 64 via the hardware bus 78. 

Each of the blocks of RG. 2. with the exception of the power supply 66, is a conventional, readily avail 
able hardware component Without intending in any way to limit the scope of this Invention, the foltowing 
infbnmation is provided In order better to define the presently preferred embodiment of the home unit 60. 

50 In the home unit 60 of this embodiment the main CPU 64 is an IBM PC compatible CPU board, such 
as the CPU boards available from Faraday. Mostron. IBIS. OEM Tech. or G&l., Inc. The modem 62 is 
preferably of the type whk:h will transmit both data and vok:e having an auto dial feature and selectable 
300/1200 baud data rates, such that the modem can be plugged directly into a regular phone line. Suitable 
modems are available from U.S. Robotk:s, Hayes. Qubie. and Racal-Vadkx The display unit 68 is preferably 

55 a nine Inch CRT monitor, having a minimum bandwidth of 15 MHz. Suitable monitors are available from 
Hitachi, Tatimg, GoldStar and SattSung. for example. The voice syrrthestzer 70 is preferably based on the 
Texas Instruments Digttalker chip set available from Texas Instruments. The portable keyboard 76 Is 
preferably a hand-held unit with limited display capability using liquid crystal display with back lighting. A 
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suitable device is available from Radio Shack as the TRS 80 * Model 100. Th txis 78 is preferably based 
on the: IBM PC I/O slot wrth 62 connections. The mass storage device 80 is pr^erat>ly a 3.5 inch mini- 
fioppy cfisc drive having at least 500K bytes of fbrnmttBd storage space. SuilEto cfrives are available from 
Sony (MF4=^W-O0D). Rjitsu (MS32AX and l^n a s on i c (Jth3^14>. The sign^ Interface unit 82 preferably 
e incorporale£at2*bit A-D oon v er ter 102: MetraByte maikels a suit^fo stgn^ interface unit 82 as Model No. 
DASH^ 

tn this ^bocfiment each of the sensor mocfeifes is a c oiwen l ionaf ccmipcment For mvnple. tfie scale 
module 84 is puneferabty an electronic sofid-state weight scale having a range from 15 pounds to 300 
pounds with 0.5 pound accurory, such as the device sold by Norelco. The temperature module preferably 

TO has a temperature range of 65M10<*F. with a 0.2**F. accuracy. Suitable temperature modules are available 
trom Labtron and Yellow Sprmg Instrument The ECG module 88 preferably includes low-pass filtering, 
appropriate ga^. transient suppression, common mode rG|ecfi(»i, and signal isolation for two-lead ECG 
sigrads. A suitable devica is av^lable firom Scde Engineering. The BC6 electrode unit 90 Is prefmbly of 
the type u^r^pre-gelled elediodes or banda§^4yp& electrodas. Sutabie devices are av^lable from NOM, 

IS. Carcfio-Oynsnics Sentry MlscScaU and TDiC The tOood pressure moc^ 92 is an mitomatic blood pressure 
monitor with* dgital I/O capabHf^^ aich as the davicee msffketed by Takeda Me<&ai and l^kirelco. 

Turning now to RG. 2a, the power sur^sly 68 includes a -i^5V DC regulator 104a and three DC-DC 
converters 104b. 104c. 104d which provide DC voKa^ to the remairung components of the home unit 60 
at +5 VDC, -5 VDC, +12 VDC, aid -12 VDC, respectively. These regulators aid DC-DC converters 104a - 

20 104d are powered by a rechageab^ batt^ 106 which in this embodiment is preferably a sealed 12 volt 
leaded rechargeable battery^ The rechargeable battery 106 is charged by a battery charger 108 which is 
connected via an AC latching relay ttO to an attemating current source such as a home w^ outlet which 
provides attemating current at 120 voHs AC. A suitable battery charger aid battery can be obtained finom 
Sminenschein* One of the input signals to the multiplexer 96 is connected to the battery 106 to allow the 

25 main CPU 64 to measure the voHage developed by the battery 106 in order to assess the condition of the 
battay. The relay 110 is coitirolled by the main C^U 64 such that the main CPU 64 can interconnect the 
battery chaga 108 with the a tte m^ i ng current power source, or attenrtately Isolate the t>attery chaga 108 
from theF dtemadng power souroe^ As expl^ned in d^ below, the main CPU 64 Isolates the battery 
charger tSSaid the b£^eyy lOB from tha source cf aftem^ng ciirrait wha> the paftl^ 

30 home unit 9). In this way. the compt^dty axl cost of components such as the ECG module 88 are reduced 
because AC ripf^ votta^ associated with the AC power soun» are efiminated. 

protected completely from unintended contact with the AC power source, even in the absence of isolated 
power supplies. 

Fia 3 shows a block (fiagram of the centra unit 20l The central unit 20 includes a supa microconH 
35 puta 24 which is suf^ied with regula AC powa backed up by an unintaruptitile powa supply 26. The 
cartral unit 20 controls a prmta 2a and a numba of operators which may Inducto trained mecfical 
personnel interact with ttie oomputa 24 via respective terminals 30. 

Simply by way of example, the computa 24 m^ be a 16/32 bit microcomputa with one MB of RAM. 
one high daisity floppy cfisk drive, and a 20-80 MB mass storage disk drive. Suitable microcomputers are 
40 available from AT&T (3B2-400. PC-UNIX), IBM (AT. RT. or System 36), DEC (Micro VAX II). SBE (multibus 
based). The unintem^ble power supply 26 preferably has a minimum hokiing powa suttaiDle for 20 
mtnutes of operatton with a powa dr^n of 600 watts. A suitsdsle system can be obtained from PARA 
Systems, Ina The prfnta 28 cai be any suitable printa sttfii as a dot m^rix printa with graphic 
capabilrties such as those obtainable from Epson. Panasonfcs. OWdata or F&cit Any conventional CRT 
45 terminal can be used for the terminal 30, such as those avalable from Kimtron, Televideo, Wyse. a Ampex. 
The microcomputa 24 is preferably programmed with a multi-usa, multi-tasking operating system such 
as the UNIX system which inckides suitable prograns for receiving communicatkxis from the home units 
60. preparing appropriate reports, and <firecting ^>propriate instructions a data files to the respect^e home 
units 60. 

50 The central unit 20 has been described merely to provide a fuller explanation of the environment of this 
Invention. The details of structure and operation of the central unit 20 form no part of this invention, and 
thaefore will not be descrit)ed in any greata detail here. 
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SOFTWARE OF THE HOME UNIT 

As described briefly above, the home unH 60 is programmed to prompt the patient to perfomi 
prescribed tests &\d to take prescribed medication, aU in accordance with predelBrmined test and 

5 medication schedules. The measurments obtained from the tests and information incficative of patient 
compliance with the medication schedule are stored in a composite tog, which is aitomaficaily tra nsmitt e d 
to the central unit 20 for analysis by trained personnel. As pointed out in dets^i below, the software of the 
home unit 60 controls the power supply 66 to isolate the home unit 60 from the alternating cunrent power 
source during periods of interaction between the patient and the home unit 60. In adcfition. the software 

70 analyzes parameters indicative of the results of the tests and the answers by the patient to preselected 
questions and in certain cases supplements the composite log with the resultsr of adcfitional tests or the 
answers to additional questions in order to fedlitate intwpretation of the composite log by trained personnel 
reviewing reports generated by the central unit 20. In addition, this software compares test results with 
predetemrtined expected and nonnal ranges and alerts the centra station in tt^ 

76 to reduce the number of unnecessary alerts, the software uses a sophisticated muttiparam^ approach 
which varies the rsn^ of acceptable nonmal values ftn- a first pvameter in accor dan ce with the vafeie of at 
least one additional parameter. 

RG- 4 shows the general flow of initiat processing of the program of the home unit 60 after power is 
supplied to the home unit 60. During the initial power-up procedure, the entire system is InitiaUzed as shown 

20 in RG. 5. Patient data and the test and medication profiles are read from the mass storage device 80 and 
stored in the random access memory of the main CPU 64. Typically, the patient data will btdude physictan 
selected information identifyBTg thre patient, ar>d providing such information as name, age, sex, address^ 
social security number, tel^tfme number and the Hke. The test and mediation profiles m physictan 
prescribed pnifiles which define the identity and schedule of tests to be peribrmed and the identity aid 

25 dosage of medication to be administBred. In addition, the test and medication profiles Include the 
physician's designations as to which of the tests and medications aore to be deemed critical, along with 
expected values for each of the pa^meters measured in the tests and cpjesbons to be aslced of the patient 
at selected times. 

Simply by way of example, the test profile for a given patient might prescribe thai p^ent weight be 

30 measured once a day, and that patient temperature and blood pressure be measured four times a day. By 
way of example, the mecBcation profile might (voscribe that medication A be administered four times a day 
and that medication B be administered six times a day. 

As shown in RG. 5, after patient data and the test and medication profnes have been loaded into MM, 
the integrity of the data and profile fifes are chedjed. In tiie event ttutt these files are found to have been 

36 conrupted, an enor code is set and the Exception Handler of Ra 16 is called. Otherwise, wtous data flags 
and vari^>les of the state table as described in gre^ detail below are initiattzed. Then the various I/O 
ports of the main CPU 64 are Initialized and checked. In tt>e event of a failure, an appropriate enor code is 
set »>d the Exception Handler of Ra 16 is called. Otherwise, tiie Initialization Routine of RG. 5 returns. 
The Ftestoration Routine of RG. 6 is similar to the Initiafization Floutine of RG. 5. except tiiat the 

40 Restoration Routine is peribrmed in subsequent powemp cydes. Instead of inftiafizing data flags and 
variables of the state table, tiie restoration routine loads previously stored data flags and the system state 
table from the disk into RAM. 

After eittier the Initialization or ttw Restoration Routine has been executed, the Test and Calibration 
Routine of RG. 7 is called. The Test and Calibration Routine first tests the EPROM and RAM of \he main 

46 CPU 64 and sets an appropriate enror flag in tiie event a failure is detected. Then the voltage of the battery 
106 is measured and tested. In this embodiment if the battery voltage is greater than 12.6 voits, the state of 
charge of the battery is considered acceptable. At this point, the reiay 110 is controlled to charge the 
battery 106 for 10 minutes and the battery voltage after charging Is monitored for an increase of 
approximately 0.2 volts. If this increased voltage Is measured, the reaction of the battery to charging current 

50 is considered acceptable. Ottienwse. an appropriate enror flag is set. Then various otiier components of the 
home unit 60 are checked. For example, the A-D zero offset is measured and the zero reading for the scale 
module 84 and tiie EGG module 88 are measured and stored. The reading of the temperature module 86 is 
compared with a value indicative of normal room temperature and checked for reasonableness. Rnally, tiie 
battery charger 108 Is turned on with the relay 110 and the voltage of the battery is checked. If the battery 

55 charger 108 is operating property, battery voltage ^ould increase by about 1.3 volts during operation of the 
charger 108. In tiie event any failure is detected an appropriate error flag is set i=inally, th modem is 
tested with conventional mettiods, and an enw flag is set in the event a failure is detected. 
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Returning to Fia 4, after the Test and Cafflbration RoutiRa of Ra 7 has been executed, the various 
error flags ^checked. In the event an error was detected the oteo^ Is logged and the Bcceptkm Hanc^ 
Ra 16 te calloL Othen«se, the prolan advawes to tfie 

Ra 8 is a block (fiagram of the Norm^ Operation fteitiBe refsreoced En the flowchart of Ra 4. The 
5 Nonnal Operator Routine Is a ocm^ous loop which ^ to w d iar tad in R3. & This loop is interrupted by 
various interrupts as shown in Ra a The dock interrupt is u^ to maintan various real t'me ck)cks and 
timers in the program. Tlie keyboard interrupt servk:es user depressed keys^ and the modem interrupt 
services the modem. The data acquidtion Intenrupt services appropriate ones of the sensor modules. 

As shown in Ra 8. two tables, the event table and the state table, are maintained by the CPU 64. The 

10 event table indudes test and medication schedules obtained from the test and medicatkm profiles, h 
parficular, the evi^it table ^ickides the folkiwing schedules: mecScation schedule, bk)od pressure test - 
schedule.. BCG ts^ schedule^ tempeiature test schedule, wd^ measurement schedule, next centred 
unit c^ schedcile. Eacikt of these schedules lists one or mora &nes ^ which the respective teste wW be 
performed. In addrfibn; the event table stoies the time the last battary charge ml the time of the 

75 predcted nod required b^t^ charge based on batt^ usage. Rn^.lhe event table stor^ 
identification of the next scheduled test. 

The state t^rfe records such infomaation as the communication state flag (which reftects the status of 
the modem), the battBry-conditiori fi^ fwhk:h r^lects the st^ of charge of the battery), and the multiple- 
test or single^ed flag. As explained in greater d^l bekiWr this embodiment inchides means for correlating 

20 rrujltiple test pavaneters If requested by the physidart. Such muHipte parameter correiatkxi is termed a 
multiple parameter check in the fiowchat of RQ. 12. The state table also indudes a variable which 
designates the cunent state of tte systm; whether the battery is being charged^ communicatkm is in 
process with the centra ur^ a test is being performed, or the fike. 

The bkxrfcs at the bottom of Ra 8 imficate the various events that may be commanded by the CPU 64. 

25 The multipie parameter check event is ftowcharted in Ra 12; the medcabon reminder event is ftowcharted 
In f=ia 13» the cornmunication with central unit event is flowcharted m Ra 14, and the battery control and 
check ev^ is ftowcharted in Ra 15. The r ema ini ng events are m^eurements of parameters incficative of 
the health of ttie p^iect tn the weight measurement event, tfie patfent is prompted to use the scale nxxfaite 
84, and a (figltd number IndksAh^ of the measured weight of the patient is stored in the composfte k)g. 

30 Similarty, in the temp^ature measurement event tfie patient is prom{M to use the temperature module 86 
to measure the patfentfs body temperature, and the nteasured body tmperature is stored in the composite 
tog. The k>tood pressure measurement event results in the CPU storing data indicative of measured pulse 
rate and systdic aid dtetoiic bkxxi pressure of the patient The ECG rscorcfing event records In digital 
fonm the ECG wavefonn of the patient At present a sampfing rate <rf between 200 and 300 Hertz is 

35 pruned, and the ECG wavefcm ts c^itized with a resolution of 12 Wis. The cigitized wav^bnn is stored 
in the compostte tog for later transmisston to the centraJ unit in a time c om pressed form. 

RnaDy, the question and answer sesston event is a series of questtons which are presented to the 
patient via the display unit 6a Patient responses to these questkvis are recorded in the composite tog. As 
explained In greater detail below, the particular questtons asked of the patient are varied depending on both 

40 the physid^ prescribed scheduto, and the measured health pOBmeters. 

Turning to Ra 9. the Check Event Table for Work Ftoudne shown in btock diagram form in Ra 8 first 
checks to d^ermine whether a next event Is scheduled for the next ten minutes. If not the roirtine performs 
either a Data Base Examinatton Routine or a Machine Test Routina The Machine Test Routine perfonns 
standard cfiagnostto tKts on the RAM. B^ROM. and CPU of the home imit 60. The Data Base Examination 

45 Routine is not ctescnbed in detail here, but it uses available processing time to analyze the patient 
information cdlected over time for trends and daily cycles. After either the M^ne Test Routine or the 
Data Base Bcamination Routine has been completed, the progrOT again checks to determine if the next 
ev^ is scheduled to be performed within the next ten minutes. If so, the program continues to toop until it 
is time for the next event The program then checks to see if multipte events can be grouped in order to 

50 minimize repeated interruptions to the patient For example, if a non-critical medtoation event is scheduled 
to be perfonned ten minutes after a btood pressure measurement the program of RG. 9 will revise the 
event table to synchronize the two events and will inform the user of how many events to expect Then the 
current event is executed and the measured data entered in the composite tog. as described above. After 
the current event has been executed, the program executes the Singte Parameter Check Routine of Rgure 

55 10 and then again checks to detemnine if the next event is scheduled in the next ten minutes. 
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Tlie flowchart of RG. 10 describes the SingI Parameter Check Routine. Rrst the measured test cteta 
are checked for reasonablmess. If the data are completely out of the range of reasonable rasutts. Indicating 
a sensing future such as a sensor failure for example, an appropriate error code is set and the Exception 
Handler of RQ. 16 is called before the routine returns. Otherwise, the test data are checked to determine 

5 whether they m within the expected range set for this particular patient by the physician. If not. an 
appropriate error code is set and the Exception Handler of RQ. 16 is called before the routine returns. 
Otherwise, the routine takes the difference between the current test data and prevkxjs test data and checks 
the delta range, tf the delta range is within expected Pmits, tiie routine returns. Otherwise, ttte routine 
detennines whether anottter test shouki be scheduled to supplement the information stored In tiie 

to composite k)g. If so. the event table is updated to schedule the new test and the routine retunrts. Ottierwise, 
an appn^)riate error code is set and the exception handler of Ra 16 is called before the routine returns. 

A septate Single Paameter Check Routine is provkled for each parameter. Ra 11 is an example of a 
Single Parameter Check Routine appropriate for use with tiie body temperature parameter. Rrst the routine 
of Ra 11a checks to d^ermine whettier tiie temperature is witttin the reasonable range of 80M20*F. If 

75 not, the routine assumes a sensing failure, sets an appropriate error code, calls the Exception Handler of 
Ra 16. and returns. Ottierwise, the routine checks to determine whettier the measured temperature is 
wittiin the physkaan specified expected range, 972**-100i)«F in this example. The routine of RG. 11 then 
checks the delta range by detmnining whettier the temperature has gone up at least 0.2*'F for each of ttie 
last ttiree tests, or has gone down at least 0.2«F for each of ttie last ttiree tests. Btiier concfition is taken as 

2gt indicative of a potentially signifteant trend, and ttie event table Is revised to obt^n additional diagno^ 
information ttiat will be helpful to medted personnel at ttie central unit in interpr^ng the significance of ttie 
temperature trmd. In ttiis example, ttie event table is revised to measure bk)od pressure, to schedule a 
question and answer ses$k>n in the area of fever symptoms, and to schedule a question and mwer 
sesskm regartting exercise patterns for ttie last ttilrty minutes. For example, the question and answer 

25 sesstons couM inckide ttie fblkiwing: 

-Have you SKerdsed In the last 30 minutes? 
-Do you feel you have a fever? 
-If so. Is your fever coninuous or intemilttent? 
-Are you sweating? 

OD -Is your skin tender to ttie touch? 

Then an appropriate error code Is set and ttie Exception Handler of RG. 1 6 is called. 

Oepmding on the questions Included in the question and answer sesskm. patient answers to seiectad 
questions may also be used to select additional tests or questions to be used to supplement the kig. For 
exmple. ttie question and answer session for a hypertensive patient who has been prescribed mecticaton 

36 to control his bk)od pressure may include ttie question: "Do you have a headache?* If ttie patient responds 
in ttie affirmative, and ttie composite log incficates ttiat ttie prescribed medk^tion has been taken, the Single 
Parameter Check Routine of this exanpie will update the event tabto to schedule a bkxxJ pressure 
measurament The bk>od pressure measurement will in many cases assist ttie phy8k:ian at the central 
station in interpreting tt» significance of ttie patienf s headache. 

40 RGS. 10 and 11 illustrate one important feature of ttiis invention. The monitor collects a first set of test 
data (wWch in ttie example of RG. 11 includes patient temperature), and ttien compares ttiis first set of data 
witti pre-selected test criteria. In ttie event ttie first set of data fail to conrespond to ttie pro-selected test 
criteria, ttie monitor coHeds additional data (in the example of RG. 11. data regarding bkxxi pressure, fever 
symptoms and exercise patterns), all of which are stored in ttie compositB tog. These additional data assist 

45 trained medical personnel in Interpreting ttie significance of ttie original data v^ich failed to meet ttie test 
criteria Thus, when ttie composite log is transmitted to ttie central unit it provides infbnnation needed to 
diagnose ttie state of ttie patient which is more complete than if only ttie first set of data had been taJcen. 
Furthermore, ttiis benefit is obtained wittiout sut>jecting the patient to unnecessary tests. For example, in ttie 
routine of RG. 11, the patient is not sutsjected to an unnecessarily large numt>er of bkxxl pressure tests or 

50 question and answer sessions related to fever symptoms or exercise patterns. These data are only 
collected in the event ttie need for the data is indicated ty the measured patient temperature. 

RG. 12 is a flowchart of ttie Multiple Parameter Check Routine. This routine first checks to determine 
whettier the test results are wtthin the ncmnal range. If ttie test results are wittiin the normal range as 
described betow ttie routine enters ttie results of ttie comparison in ttie log and returns. Ottierwise. ttie 

55 routine checks to determine whettier additional tests ar needed to supplement ttie tog and if so updates 
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the event table to sdiedul the additional tests. Then, the ouHrf-range result is checked to detennine 
whether It has been designated as critical by the physidaa If so, an erm code is set to cause the 
Exception Handler to call the central unit ahe^ of schedule and the Bo^ption HsKfier is catted. If the 
phystdan has not designated the result as crittcal, the routine updates the log and returns. 

5^ As ^town In Tabtes I and R, the multipie parameter check routine crosscorrelates rmiKipte p aiamete r s in 
determining whether the test results are within th normal range. Thus, die normal range for a gtvm 
parameter such as (xttient temperature, for example, varies in accordance with the measured value of 
another parameter, such as patient pulse rate or compliance with the medk:ation schedule. 

In Tables 1 and U. the rows and columns indicate respective parameters that are cross-condated, and 

70 the table entries indicate whether the respective values of the parameters are considered normal (N) or 
at)normai (A). 



TABLE I 



rs 



Multiple Parameter Check for 
Pulse Rate and Body Temperature 



Body Temperature 



Less than 
98.7'*F. 



98.7- 
100.0*»F. 



Greater than 
lOO^F. 



3a 



Pulse Rate less 
than 65 Beats per 
minute (BPN) 

Pulse Rate 65-99 
BPM 

Pulse Rate greater 
than 99 BPM 



N 



N 



N 



N 



N 



N 



Table I is based on ttiat feet that for many patients, an inverse correlation between pulse rate and body 
temperature is cfiagnosticalty sigmflcmit That Is. the combination of an elevsded temperature combined with 
a depressed pulse rate is more Bkely to indicate a developing heafth problem ttian is the combination of 
elevated temperature and elevated pulse rate. 
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TABLE II 



5 Multiple Parameter Check for Blood Pressure 

Measurements and Medication Compliance 

Blood Presure (mm Hg) 

Systolic Diastolic Systolic Diastolic 
greater greater 140 or 90 or 
than 140 than 90 less less 

Medication A A N N 

taken as 

prescribed 

Medication N N N N 

not taken as 
so prescribed 

In the example of Tabto II, It is assumed that the patient has been prescribed medication to control 
biood pressure, end that a sufficient time to allow the medication to become effective has elapeed b otmwn 
the patient response intficating whether the medication was taken and the blood pressure measurement Of 

26 . course, the paHcuiar systoRc and dtetoOc pressures used tn Tat>le II will be set by the physician as 
appropdate for the particular patient Regardless of the p^ticular pressmw chosen, the example of Td^le II 
classifies as ^)nonnal only the comblntfion of elevated blood pressure and patient compliance with the 
prescn'bed mecfication schedule. Of course* the Single Parmnetar Check Routine for bkxxl pressure 
measurement and medlcatkxi compliance will abeady have checked these paranrveters as described above 

30 to determine whether they me within the expected ranges set by the physician. 

In other applications the parameters which are cross-correlated and the values used to define nonmal 
and abnormed situations will afl be set as prescribed for the partk^lar patient by the partk:ular attending 
phystelan. In some situations three or more parameters may be cross-conreiated. The cross-correlation of 
multiple parameters may be accompfished with a wide variety of computational and storage techniques, 

36 including the matrix approach of Tables I and II and the use of polyriomlal equattons emptying health 
parameters of the patient as variabies. 

RG. 12 and Tables I aid II Illustrate another important feature of this invention. The preferred 
embocfiment of the monitor of this Invention cross-conrelates multiple pevson^ers In order to alert the central 
unit in the event of a potentially dangerous situatkm, while minimizing the number of false alanns. Becaise 

« the nonnai range for a single parameter is made to vary In accordance with the measured value of one or 
more other parameters, the monitor can better c^nguish between potentially dangerous situattons, in 
which the central unit shouW be notified promptly, and routine deviafions of measured health parameters. 

RG. 13 shows a fbwchart of the Mediation Reminder Routine. Once the event table has incficated that 
a medication event is to be performed and ttib Medication Reminder Routine has been called, a medkration 

^ alarm is sounded for a fixed penod. Once the patient responds to the alarm, the routine stops the alam and 
displays a message whk:h incficates to the patient the mecfication to be taken and requests the user to use 
the key pad 74 to incficate that the displayed medk:ation has been taken. Once the medication has been 
taken, the composite log is updated to record the medication event and the routine returns. In the event the 
patient falls to respond to the initial alarm for a predetermined time period, or in the event the patient fails to 

50 indicate that the displayed medication has been taken within a predetemiined time period, the routine 
checks to determine whether the particula medication has been designated as critical by the physteian. If 
so. the routine updates the k)g to indicate a failure of the patient to take the scheduled mecficatton, sets an 
error code that will result in a prompt communk:ation with the central unit and calls the Exception HarKiler 
of RG. 16. Othenwse. the failure of the patient to take the scheduled medication is recorded in the 

56 composite tog. and the next medication time in the vent table is updated before the routine returns. 
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Hia routine of RG. 13 Illustrates yet another important tenure of tttis invention. The composHe log 
includes both information incDcative of measured health parameters of ttie patient and infonnation incticative 
of thG&a±PQdula witb which prescrii3ed medicalron was actually taken by the paftortt By providing trained 
f^^sonn^ at the caotral unit with both types of mfbrmaSicm, the di^nostic value of the composilB log is 
s: matafiaily OThanced Furthermorer the routine of RG. 13 automatically notifies ttie COTtral unit promptly after 
a: critical mecficatton event has been missed. 

RG. 14 provides a flowchart of the Communication With C^ttral Unit Routine. This routine first checks 
to determine If tiie phone line is in use. If so. the routine waits five minutes and then tries again. Once the 
phone fine is free, the routine (Sals ttie central unit and checks to see whether a connection has been 
10 estabfi^Yed. If no connection was established, the routine tries again. C^ice a connection has been 
estatiit^ed, the routine checks to determine whether the proper link protocd has been received. If not, the 
routine assumes a wrong number was obtained and tries agaki. Once the Bnk protocol has been received, 
tbtt roa tii a a transmits the tog via the modem 22 and then retumsL 

R(s. 15 is a fta wc hart of tiie Battery Control and Check Routinel This roi^ne is executed once every 
76? fburhcairsaswetfaswheriet^thekeytxiardtntsrriiptrespcmdsto 

74^Qrth&keyiKi8fcf 7B. in adcition. the routine of RG. 15 is escecuted whenever a mecfication events a test 
evoit^ndocfing a question and aiswer sessfon) is executed. The routine first checks to determine whether 
the batt^ voltage is suffictentfy kvw to incficate that the t>attBry is more than 30% cBscharged. If so, the 
routine checks to determine whether a user is on-fine, and. If necess^, requests the user to go off line for 
2BC thirty minutes while tfie battery is charged. If tfte user remains on line> tfie routine tiien checks to determine 
wh^ho- the battery vottage is critically kiw. If so, the routine isolates the ECG sensors with the relay 91, 
update the state flag, ml controls the AC relay 110 to switch the relay to the on state, thereby connecting 
the tiattery charger 108 to the AC power source. In the event the battery voltage is not critically tow, the 
routine w^ five minutes aod again requests the user to go off One. to the event the battery voltage 
3s indtoatesacfischogetovelof toss than 30%. the routine switches the AC relay 110 to tiie ^ 

choics to Insure that therein 110 has responded properly. If so, the routine returns. Othenvise, the routine 

atimpts to swrteh the AC relay 1 10 to tiie off stata Flepeated f^^^ 
causa the routtoe to set ai sppropnale enor code to and c^ the Bccer^ton Harafler d RG. 16 before 
returning^ 

aa RG. t5 ilhistrates another importart tenure of this tovention. By controHlng ttte relay 110 to cfisconnect 
the batt^ charger 108 from tire AC power source, the routine of RG. 15 insures that AC rippto voltages 
are steent from tiie regulated DC voltages during setected periods. This sImpBftos and minimizes the 
expense of certan measuring hardwsae. For example, the ECG module 88 can be much simplified because 
(tf ttie absence of AC ripple voltages ckfflng an ECG test event to that the AC rippto voltages are not 

3S present, the ECG rnoduto 88 does not i»ed sophisticated etoctronto circuitry to stabifo 
Rirthermore. when the ECG wavefonn is being recorctod, ft is important th^ tiie ECG 
daiger to tiie patient The routine of RG. 15 insures that the bstttery charger is dtsconnected from tiie AC 
power source during an ECG test and thereby etiminates tiie need for opto-isolators or the like to protect 
the patient from undeared and potentially dangerous contact witti the AC power source. 

40 RG. 16 provides a ftowchart of tiie Exception Handler. This nxrtine first checks the enror cocfe to 
determine whetiier the current error is a hardware enror. If so, and tfie mor is recoverabto. tfie routine re- 
initializes, recovers fi:om the enror, logs the error, and returns. Ottmwise, the routine cfiecks to determine 
whether tiie modem is functioning and whetiier a call can be completed to the central unit If so, tiie routine 
updates tfie event tE^to to report the error to the central unit and returns. Otherwise, the nxitine alerts tfie 

45 user to telephone tfie central unit manually and report tfie error. 

to the event tfie error code indicates a procedure error, tfie routine recovers from the error, displays and 
togs the error, and returns. In ttie event tfie enror code indicates a range error such that ttie measured data 
are out^de of the reasonabto range (incficating a probabto hardware problem), ttie routine sets a retry flag in 
order to repeat the out-of-range measurement Ottierwise, the routine togs the error and revises the event 

50 table to call the central unit In tfie event tfie data are witfiin ttie reasonat>le range, the routine cfiecks to 
determine whether tfie parameter has been selected as critical by the physdan. If so, ttie error is logged 
and the event table is revised to call the central station and to transmit the patient tog. Otiierwise. ttie error 
is togged and ttie routine returns. 

Rom ttie foregoing, it shouW be apparent tiiat an improved personal hearth monitor has been described 

55 which includes various features ttiat enhance its efffciency and usefulness. By including botti infonnation 
relating to medication events and test events in ttie composite tog, ttie diagnostic value of ttie composito 
log is maricedly Increased. By automatically disconnecting ttie battery charger from ttie AC power source at 
certain times, the cost and complexity of components such as the ECG moduto are reduced. By varying tfie 
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normal range of values for a given parameter based on the measured vakm of other p aram e te rs, tfie 
central unit is notified of potentially dangerous situations wNle minimizing false alarms. By collecting 
additionaJ data only when a first set of data falls outside the range of expected values, the (fiagrtostk: value 
of the c om posite log is Incresed without itfmecessary inconvenience to the patient AH of these advaitages 

5 are provided with a personal health nrKmftor that can be constructed from proven, conventional hvdwsre. 

Of course, it should t3e understood that a wide range of changes and modifications can be made to the 
preferred emtxxiiment de8crit)ed atwve. For example, specific hardwara components can readily be 
modified or adapted as needed to suit individual plications. The particular array of sensor nrodules 
indiKjed in any given health monitor can easily be modified to suit the particular appEcation. Furthenmore. if 

70 desired, the central unit cot t)e interconnected with the home units t>y radio Inks or t>y hardwire finks rather 
than via the modems descrttwd atxyve. Of course, the specific test and mecication profiiee aid ttie specific 
questions Included in the question and answer sesstons will be modified for each appficatton as requested 
by the attencfing physk:ian. In ad(fition, the technk|ues used to select adcfitional tests to be perfbnmed or 
questions to be asked, and the techitic^ies used to modify the normal range for first parang based on a 

76 second parameter can be vaied widely. As pointed out above, each of the Imp rovement s of this invention 
can be used alone or in comtunation with any of the other improvements. 

It is tfierefbre Intended that tfie foregoing detailed descrfption be regarcted as illustrative rather ttian 
limiting, and that it be understood that It Is the fblkywing claims, including all eqinvalents, wtrich sore intended 
to define the scope of this invention. 

20 

Claims 

1. A personal health monitor characterised by means for detemnlning a plurafity of heafih parameters. 
26 each Irtdicafive of tfte physical concfition of a patient; 

meais for prompting the patient with selected messages; 
ineais for storing a presrtoedparanrieter schedule for sete^ 
means for storing a prescribed mecBcation schedule for at least one rr»dk»tion; 
first means for autom a t i ca l ly controlling the prompting means to request the patient to use the 
30 determining means to determine selected ones of the health parameters in accordance wHh the prascribed 
parameter schedule aid lor automatically storing the determined health parameters in a composHe tog; 

second means for automatically controlfing the prompting means to request the patent to take 
mecficafion in accorcfaance with the prescribed medicatton schedule; 

means for automatically recording in the composfte tog informatton indiC8th« of patient compliaice with 
35 the prescribed medtcatton scheduto; and 

meats for automatically transmitting the composite log to a central tocatton for analysis by trained 
mecficaJ personnel. 

Z A personal health monitor as claimed in dam 1, characterised in that the plurality of health 
parameters comprises: patient weight, patient temperature, patient pulse rste. patient btood pressure, and 

40 patient responses to selected questions. 

3. A persoral health monitor as claimed in claim 1 or Z characterised in that the prescribed medication 
scheduto comprises a plurality of me^catton events, and the infonmatlon recording means records 
infonmation in the composite \oq indicative of a plurality of me(ficatton times, each con^esponding to tfie time 
a respective one of the medlcatton events was performed by the patient 

45 4. A personal health monitor as claimed in d^m 3, characterised in that the prescribed parameter - 
scheduto comprises a plurality of test events, and wherein the first means additionally stores in the 
composite tog information indicative of a plurality of test times, each correspondir^ to the time a respective 
one of the health parameters was determined. 

5. A personal health monitor as claimed in any one of claims 1 to 4, characterised in that the 
so transmitting means comprises a modem. 

6. A personal healtti monitor adapted to be powered by an alternating drcuit power source, charac- 
terised by: 

means for collecting Informatton indicative of the phystoal condition of tiie patient; 
means for recording tiie collected information; and 
55 means for supplying a DC supply voltage to power ttie collecting means and tiie recording means, said 
supplying means comprising: 

a rechargeable t>attery connected to the collecting means and the recording means: 

a battery chager adapted for connection to the altemating circuit power source and comprising means 
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for supplying a charging current to tha batt^ 

a switch positioned to intarupt the flovr of charging currsnt from the battery charger to the batt^ arKi 
SffHch^da between a first ^ata, in which lha switch isolatss the battery from the charging circuit and a 
second sta^^ in which tha switch allows the charging cunent to ftow to the battery; 
5 first meeans for automatically plactr^ tfie switch in tha ffr^ state during at least selected periods of 
In teract io n between the patient and the collectfng means; and 

second means for automatically placing the switch in the ^cond state during at least selected periods 
characterteed by an at>sence of Interaction between the patient and the collecting means. 

7. A personal health monitor as claimed in datm 6, charsKrterised in that the switch comprises a latching 
70 relay. 

a A pmsansi- health monitor as dainted in daim 6 or 7, characteised In that the collecting means 
corrqsrtees a plurafi^ ol: pat^tt sensors^ each coiriprisihg rriesis for seris^ 

and wheceiR ttie fir^ eneans places the switch in the fnrst state whenever selected ones of the patient 

sensors are opartiir^ to serm tte respective p^ent parsn^iOT. 
rs a A personal health monitor as dmmed in cUm 6, 7 or & characterised in that the collecting means 

comprises a pati^ input device, and wherein the first means places the switch in the first state during at 

least selected periods wlwn the patient input device is in use. 

10. A persmial health monitor as cl£dmed in daim 6 or 7, characterised in that said Information 

collecting means comprises at least a display, a blood pressure sensor, a patient temperature sensor, a 
m patient weight asrraor. andra conferotter whtcK comprises means fen- presenting messages to a patient via the 

di^)l^ 

wherein the recording means comprises means for recording reacfings from the sensors in a tog arKi 
means for transmitl^ the log to a central locaticm for analysis by trained mecOcal personnel: and 

wherein the first means comprises meais for automatically placing the switch in the first state whenever 
ss the mem for reamfingreacfings from the sensors is operative in order to insure that the attemaling current 
power saut09 presents no danger to the p^ient and no cfisturt)ing influence to the readings from the 
sensor& 

TT. A person^ OsaSi monnar as daxmod &i daim 10, characterised in that the Infonnation collecting 
mesis conrprises a patient input device, and wherein the first mem further comprises means for 
30 automatical^ piadng the switch In the first state dwing at least selected periods when the patient input 
device is In use. 

t2. A porsoroli health morto as damed in any one of claims 6 to 11, characterised in that the 
rechargeabia b^terr cranftfises a lead add b^tery. 
ia A personal health monitor comprising: 
35 fnrst means for automatically coltecting a first set of date indicalh^ 

second means for automatically comparing the first s^ of date with a set of test criteria mtd for 
imficating when the first set of date fails to meet the test criteria; 

tfiird meais for autonriatically collecting a second set of ac&lltional date from the patient only when the 
first set of date fails to meet the test criteria, said second set of adcfitional date selected to provide 
40 additional diagnostic fnfonmation useful in interpreting tiie first set of data; and 

fourth means for aitomaticaliy transmitting tiie first and second sate of date to a central location for 
analysis by traned medical personnel. 

14. A personal heaHh monitor as claimed in daim 13, characterised In that the first set of date 
comprises at least one phy^cal measurement of a parameter indicative of the physical concfition of the 

46 patient 

15. A personal health monitor as claimed in cteim 13 or 14. characterised in that ttie first set of date 
comprises answers supplied by ttie patient to questions by the first means. 

16. A personal healfii monitor as claimed In daim 13, 14 or 15, characterised In that the second set of 
date comprises at least one physical measurement of a parameter indicative of the physical condition of the 

50 patierrt 

17. A personal health monitor as datmed in any one of daims 13 to 16. diaracterised in that the 
second set of date comprises answers supplied by the patiwit to questions presented by the second 
means. 

ia A personal health monitor as claimed in any one of claims 13 to 17, characterised in tfiat said first 
66 means comprises a patient monitor adapted for home use, comprising at least a display, a patent answer 
Input device, a plurality of sensors including blood pressure sensor, a patient temperature sensor, and a 
patient weight sensor, and a controller which comprises first means for presenting messages induding 
questions to a patient via tiie display, and means for recording patient answers to selected ones of the 
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questi ns and rs^ng^ from selected ones of the sensors in a log; 

wher^ tbe first set of data Is coHected from a first selected set of sensors and questions and is 
recorded in the log; 

wherein the second set of additional data is collected from a second set of sensors and questions and is 
5 recorded in the log; and 

wherein the fourth means comprises means for automatically transmitb'ng the tog to the central location. 

19. A personal health monitor comprising: means lor automatfcally monitoring a plurality of 
parameters indicative of the physical condition of a patient said plurality oi parameters including at least first 
and second parameters; 

70 means for storirtg information indicative of a selected range of normal values of the first parameter. said 
selected range of normal values varying in accordance with the second parameter such that the selected 
range of normal values when the second parameter has a first value is different from the selected range of 
normal values when the second parameter has a second value; 

means for alerting a central station only wfien tt^ first parameter is outside the selected range of normal 

T6 values. 

20. A personal health monitor as claimed in daim 19, c ha ract er ised in that the alerting means 
comprises means for automatically transmittirtg the plurality of pmmeters to the central station for analysis 
by medical personnel. 

21. A personal heaX&\ monitor as claimed in claim 19 or 20, characterised in that the means for 
20 automatlcaily mortitoring comprises: 

a display; 

a plurafity of patient sensors inclucBng at least a blood pressure sensor, a patient temperature sensor, 
and a patient weigtit sensor 

a controller comprising first means fbr presenting messages to a patient via the display, second means 
25 for recording the plurality of patient parameters indicative of readings from selected ones of the sensors In 
a log; and third meats for aitomaticaily transmitting the log to a central location for analysis by trained 
medted personnel. 

22. A personal health monitor as claimed in daim 21. characterised in that the alerting means controls 
the thinj means to cmise immediate transmission of the log to the central station. 

30 23. A personal health monitor as claimed In claim 21 or 22, dwacterised in that the patient sensors 
further indude a patient answer input device, wherein the messages indude questions, md wherein 
selected ones of the parameters are indicative of patient answers to selected questions. 
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